Analysis of the B -> Kq(1430), ao(1450) form-factors with light-cone 

QCD SUM RULES 

Zhi-Gang Wang0, Jun-Fang Li 
Department of Physics, North China Electric Power University, Baoding 071003, P. R. China 

Abstract 

, In this article, we take the scalar mesons Aro(1430) and ao(1450) as the conventional two- 

quark states, and study the B Kq{1430), ao(1450) form-factors with the B-meson light-cone 
' QCD sum rules, then take those form-factors as basic input parameters to study the Semi- 

co ■ leptonic decays B'^ — > aQ'(1450)Zi'! and B~ Kq~ {1430)11, the predictions can be confronted 

j-H ■ with the experimental data in the future. 
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1 Introduction 

dl There are many candidates with the quantum numbers J^*^ = O''"*" below 2 GeV, which cannot be 

pi I accommodated in one qq nonet, some are supposed to be glueballs, molecular states and tetraquark 

QJ . states (or their special superpositions) [U [21 |3l |4] . The dynamics dominates the 0++ mesons below 

• and above 1 GeV respectively maybe different, and there maybe exist two scalar nonets below 

1.7 GeV [T1[2J|3]- The strong attractions between the scalar diquark states Q° and Q" in the relative 
■ 5-wave maybe result in a nonet tetraquark states manifest below 1 GeV, while the conventional 

[ •^Pq nonet have masses about (1.2 — 1.6) GeV, and the well established '^Pi and '^Pj qq nonets 

^ ■ with J^'^ = 1++ and 2++ respectively lie in the same region. There are enough candidates for the 

3Po qq nonet mesons, ao(1450), /o(1370), K^iUSO), /o(1500) and /o(1710) [S]. In Ref.g], Klempt 
and Zaitsev suggest that there maybe exist four scalar nonets below 2.3 GeV, 
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X: 



{/o/a(600), ao(980), i^o*(800), /o(980)} , {fo{xxx), ao(1450), i^o*(1430), /o(1500)} , 



O! {foixxx),aoixxx),K*ixxx)Joil760)}, {/o(a:xa;), ao(2020), i^o*(1950), /o(2100)} . (1) 



The lowest scalar nonet mesons {/o/cr(600), ao(980), iiTg (800), /o(980)} are usually taken as the 
tetraquark states, while the higher scalar nonet mesons {/o(a;a;x), ao(1450), -ftTp (1430), /o(1500)} 
are taken as the conventional '^Pq qq states [6^. We should study such an scenario extensively 
before making definite conclusion, it is interesting to study the scalar meson productions in the 
semi-leptonic P-decays. Compared with the two-body hadronic P-decays, the semi-leptonic P- 
decays suffer from much less theoretical uncertainties involving the hadronic matrix elements. 

Experimentally, the semi-leptonic decays P° — ?> a(|(1450)ei/e, P" — > Qq {14:50) fiDf^, P" — >■ 
a^{1450)TDr, B- i4:*-(1430)e+e-, P" _K*- {14?,Q) ^j.- , P" ^ /C*-(1430)t+t-, which 
take place through the transitions h — >■ ulvi, sll at the quark level, have not been observed yet [5]. 
The theoretical predictions of the branching ratios based on the QCD sum rules [7] , the perturba- 
tive QCD [51, the light-cone QCD sum rules [HIITU] and the covariant light- front quark model [TT] 
differ from each other greatly, another study using a different approach is worthy. 

The processes induced by the flavor-changing neutral currents b ^ s{d) are forbidden at the 
tree-level in the standard model, provide the most sensitive and stringent test for the standard 
model at one- loop level, and can put powerful constraints on the new physics models |12[ 1131 114] . 
Experimentally, the semi-leptonic decays P" — > n^l^vi, p^l^vi, P+ — vr^Z+z^j, rjl^vi, rj'l'^vi, 
p^l~^vi, Lol^vi have been observed [S]. In studying the semi-leptonic P-decays to the pseudoscalar 
(P), vector {V), axial- vector (A), tensor (T) and scalar {S) mesons, we often encounter the B ^ P, 
V, T, S form-factors, which are highly nonperturbative quantities. The existing theoretical works 
focus on the B ^ P, V form-factors, while the works on the B ^ T, S form-factors are relatively 
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few. It is worthy to study the B S form- factors and calculate the B — >■ Sll, Slvi branching 
ratios to confront with the experimental data in the future. 

In Refs.|15 1 ll6 j . Khodjamirian et al obtain new sum rules for the B —i' ir, K , p, K* form-factors 
from the correlation functions expanded near the light-cone in terms of the _B-meson distribution 
amplitudes, and suggest QCD sum rules motivated models for the three-particle B-meson light- 
cone distribution amplitudes, which satisfy the relations between the two-particle and three-particle 
i3-meson light-cone distribution amplitudes derived from the QCD equations of motion and heavy- 
quark symmetry [17]. The new light-cone QCD sum rules (or the i?- meson light-cone QCD sum 
rules) have been applied to calculate the B ai(1260), i^2*(1430), a2(1320), /2(1270), D, D* form- 
factors im im [2^ . Compared with the light-cone distribution amplitudes of the light pseudoscalar 
mesons and vector mesons, the B-meson light-cone distribution amplitudes have received relatively 
little attention. Our knowledge about the nonperturbative parameters which determine the B- 
meson light-cone distribution amplitudes is limited and an additional application based on the 
light-cone QCD sum rules is useful. In this article, we use the i?-meson light-cone QCD sum rules 
to calculate the B — )■ i^g(1430), ao(1450) form-factors, and study the semi-leptonic B-decays. We 
expect to extract the B ^ S form-factors from the experimental data on the semi-leptonic decays 
B — > Sll, SWi at the LHCb in the future, and obtain severe constraints on the input parameters 
of the i3-meson light-cone distribution amplitudes. 

The article is arranged as: in Sect. 2, we derive the B -> Kq{1A30), ao(1450) form- factors with 
the _B-meson light-cone QCD sum rules; in Sect. 3, we present the numerical results and discussions; 
and Sect. 4 is reserved for our conclusion. 



2 The B A'o* ( 1 430), ao( 1450) form-factors with Ught-cone 
QCD sum rules 

In the following, we write down the definitions for the B — > ii'Q(1430) form-factors Ai{q'^), Ao{q'^), 
T{q^) andT5(g2) [71 (HUH], 



{K*{p)\mi>.l^m\B{P)) 

{K*{p)\m^^.Mm{p)) 



-ie^uo.p{P + pTq^- 



2T(g2) 



Ai{q^) + 



n 



rriB + rriK, 







{q^iPy-P^^ql^)- 



2T,{q^) 
rriB + rriK* 



(2) 



where q^ = Pf^ — Pf^. In this article, we write down the calculations for the B — > /iQ(1430) 
form-factors explicitly, and obtain others via the flavor SU{3) symmetry for simplicity. 
We study the form- factors with the two-point correlation functions nj5 (p, q), 

n^(p,g) = ^Jd'xe^P■^0\T{J{x)J'^{0)}\B{P)), 
J{x) 



u{x)s{x) , 
s(a;)7^ 756(0;) , 
s{x)a^„b{x)z'' , 
s{x)a^^j5b{x)z'' , 



(3) 



where k — 1,2, 3, = p,, + 9/^ = ttibv^, = 1, and is a four-vector. 

According to the quark-hadron duality [351 US] , we can insert a complete set of intermediate 
states with the same quantum numbers as the current operator Jix) into the correlation functions 
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{p, q) to obtain the hadronic representation. After isolating the ground state contributions from 
the pole term of the scalar meson i<'Q(1430), we obtain the results: 

ifKsmK^ 



where 
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p^ TUB + rriK* 



{Pf,p ■ z - Pf,P ■ z) 



= 1 



m. 



m 



A,{q^) 



m 



q 



^Aoiq'), 



^Aoiq'), 



(4) 



(5) 



and the decay constant fx^ is defined by {0\J{0)\Kq{p)) ~ Jk^itik^- In this article, we derive the 
QCD sum rules with the tensor structures P^, p^, e.^uapz'^p^'P^ and P^p ■ z — p^P ■ z, respectively. 

In the following, we briefly outline the operator product expansion for the correlation functions 
n|^(p, g) in perturbative QCD. The calculations are performed at the large space-like momentum 
region ^ with the constraint < q^ < to^ + rrnip^ /K, where tub — rrii, + A in the heavy 
quark limit. We write down the propagator of a massive quark in the external gluon field in the 
Fock-Schwinger gauge and the B- meson light-cone distribution amplitudes firstly [16l [24] , 
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dugs G'^Hux + (1 - u)y) 



2(fc2-m2)2 fc2 
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\qa{x)Kp{0)\B{v)) = - 



ifBrriB 
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where 



(/)+(a;) 



re "0 , 



UJQ 



24a;4 



^(7wo - 13w + 30e ~ 



(8) 



the ujQ and A|; are some parameters of the S-meson Ught-cone distribution amphtudes, then con- 
tract the s-quark field in the correlation functions nj5 (p, q) with Wick theorem to obtain the s-quark 
propagator, extract the i3-meson light-cone distribution amplitudes, and carry out the integrals 
over the variables x and k, finally obtain the spectral densities at the level of quark-gluon degrees 
of freedom. In this article, we take the three-particle i?-meson light-cone distribution amplitudes 
suggested in Ref.^lB]. they obey the powerful constraints derived in RefiJ/Tj and the relations be- 
tween the matrix elements of the local operators and the moments of the light-cone distribution 
amplitudes. In the region of small uj, the exponential form of distribution amplitude is 
numerically close to the more elaborated model suggested in Ref.[25j. 
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where wq = As, the lu is in unit of GeV, and the (Tb is a parameter. 

We match the spectral densities at the hadron-level and quark-level below the continuum thresh- 
olds So, perform the Borel transformation with respect to the variable —p^, and obtain the QCD 
sum rules for the B Kq{1A30) form-factors A-{q'^), T{q^) and Tz{q^), respectively. 



1. 



da 



l + 2u 



It 



1 



It 

,2 



T 



± 



- 2u)lu - rris] 2(1 - u) 



2{u} + 777s ^ 



ruB 



NP 



± 



It 



771b 



0-3 M4 



dAP 



T 



m,B(J 



2AP 



niBa 



1 - 
-1 ± 
1 



AP J 



da 



6*v(c^,e) 



f^AP 



TUB 



u) + {2u — l)ms 



TUB 



a^M"^ 



±- 



771b 



2M^ 



1± 



771B 



T 



iumi 



aM'^niB 



(10) 
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where 



(Jo pcro rcrmB 



2^ 



da = da du , , 

Jo J a JamB-LJ s 

^2 ^2 



2 CT(j — m , _ _ 

771^(7 ^ , w — aniB , (7 = 1 — (T, 01 = 0; + u^. 



2m| 

crms -w ^2 2 n , ^ <f -T^l 
u = , mB=mg{l + a) ; , 



cp±{uj) = / dA0±(A). (13) 
Jo 

e replacement, 0, tuk* -5> rriao, /if* -5> fag, 

corresponding QCD sum rules for the B — > ao(1450) form-factors. 



With a simple replacement, — >■ 0, to/^* — )■ mag, /if* — >■ /aoi Sq^" ^ *o°i we can obtain the 



3 Numerical results and discussions 

The input parameters for the i3-meson light-cone distribution amplitudes are taken as wo = 
\b{ii) = (0.46 ± 0.11) GeV, /i = 1 GeV [25], A| = (0.11 ± 0.06) GeV^ [26j, tub = 5.279 GeV, and 
Jb = (0.18 ± 0.02) GeV [22]. The dominating contributions in the QCD sum rules come from the 
two-particle i3-meson light-cone distribution amplitudes, the contributions from the three-particle 
S-meson light-cone distribution amplitudes are of minor importance as they are suppressed by 
additional powers of -p^. The main uncertainty comes from the parameter (or Ab), which de- 
termines the line shapes of the two-particle and three-particle light-cone distribution amplitudes of 
the B- meson. In this article, we take the value from the QCD sum rules [25] , where the B-meson 
light-cone distribution amplitude (^+(w) is parameterized by the matrix element of the bilocal 
operator at imaginary light-cone separation. 

The masses, decay constants, threshold parameters and Borel parameters for the scalar mesons 
ifQ(1430) and ao(1450) are determined by the conventional two-point QCD sum rules with the 
scalar currents u{x)s{x) and u{x)d{x), respectively. The values are ttik* — (1.435 ± 0.065) GeV, 

TOao = (1.470 ± 0.070) GeV, /k* = (0.435 ± 0.015) GeV, /„„ = (0.460 ± 0.015) GeV, sf° = 
(4.0 ± 0.2) GeV^ s^" = (4.4 ± 0.2) GeV^ and = (1.2- 1.8)GeV^ (1.3- 1.9) GeV^ in the 
channels isrQ(1430), ao(1450), respectively. In Ref.[28j, Du, Li and Yang perform detailed studies 
of the mass and decay constant of the isospin 7=1/2 scalar mesons composed of sq or qs using the 
QCD sum rules, and observe that the (1430) is the lowest scalar state and the first radial excited 
state has the mass larger than 2.0 GeV. Close and Tornqvist propose that the lowest scalar nonet 
mesons {/o/o'(600), ao(980), (800), /o(980)} are tetraquark states consist of the scalar diquarks 
in the relative S'-wave near the center, with some qq components in the relative P-wave, but further 
out they rearrange to form two colorless qq pairs and finally as the meson- meson states [I]. The 
contaminations from the scalar mesons if g (800) and ao(980) are very small if there are some. 

Taking into account all uncertainties of the relevant parameters, we obtain the numerical values 
of the form-factors ^1(17^), ^0(9^); T{q^) and T^{q'^), which are shown in Fig.l at zero momentum 
transfer. From the figure, we can see that the values of the form-factors are very stable with 
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i^Bif*(0) [aF,bF] 






0.42to:^3 [-1.50,0.42] 


0-45+o ii^ [-1.46,0.39] 


Ao 


0.42+^;^;; [-0.42,0.19] 


^■'i^-oit [-0.43,0.16] 


T 


^■'^^-o.ol [-1.55,0.44] 


0.28+;]:^^ [-1.52,0.40] 


T5 


^■^^-0.18 [-1-55,0.44] 


0-56+0.^6 [-1-52,0.40] 



Table 1: The values of the form- factors at zero momentum transfer and the parameters of the 
fitted form-factors. 
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Table 2: The values of the form- factors at zero momentum transfer from different theoretical 
approaches. 



variations of the Borel parameter. The form-factors can be parameterized in the double-pole form, 

^^('^') = TT 2/^!, 4/ 4 ^ (14) 

where the F,(g2) denote the Ai{q^), Ao(g^), T{q^) and T5{q^), the ap and hp are the corresponding 
coefficients and their values are presented in Table 1. 

In Table 2, we also present the values of the form-factors from other theoretical calculations, 
such as the QCD sum rules [7], the perturbative QCD [Q, the light-cone QCD sum rules [9l[T0], and 
the covariant light-front quark model [TT] , the central values differ widely. If we take into account 
the large uncertainties, there are some overlaps among the predictions from different theoretical 
approaches. In this article, we will focus on the central values. 

We can take those form-factors as the basic input parameters and study the semi-leptonic 
decays to the scalar mesons i^o(1430) and ao(1450). The effective Hamiltonians for the h — > ulvi 
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2.86 X 10"" 
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Table 3: The branching ratios from different theoretical approaches. 
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Figure 1 : The values of the form- factors at zero momentum transfer with variation of the Borel pa- 
rameter M^, the (I) and (II) denote the transitions B if g (1430) and B ao(1450), respectively. 
Ao{0) = Ai(0) and = 2T(0). 
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Figure 2: The values of the differential decay widthes, the A, B, C, D, E and F denote the 
decays a^{lAf,Q)eD^, B^ -j> a^{lAf,{))iJLV^, B° -> a^{U50)Ti>r, i4:o-(1430)e+e-, 

B- -s> K*-{U30)ii+iJ,- and B" ii'o"(1430)r+T-, respectively. 
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and b 

-Heffib 



sll transitions can be written as 
Gp 



sll) = ^ 



C;^^ (A^)s-7a(l-75)6;7"(l 



2mbC7 {fi) 



<Jafi{l-j5)q^blj"l 



15)1 + Cio(A*)s7a(l - Ibjbll'^l^l 

(15) 



where the Gi? is the Fermi constant, the Vub 



Vtb, Vts are the CKM matrix elements, I ~ {e,fi,T), 
, H = rub [m, the Ysd describes the short-distance contributions 
from the four-quark operators far away from the cc resonances [12j . the Yld denotes the long- 
distance contributions from the four-quark operators near the cc resonances and is neglected due 
to the absence of experimental data on the decays B — J/tpS. The non-factorizable effects 



from the c-quark loop can be absorbed into the effective Wilson coefficient Cj'^^ |29 , C^^^ {^) = 
Ct{^) -f C'lj^^^dj,), the C'-fj^g^ denotes the absorptive part for the h sec — ^ S7 re-scatterings. 

From the effective Hamiltonians, we obtain the partial decay widths dT/dq^, the numerical 
values are shown explicitly in Fig. 2, then carry out the integrals tb J dq^dV/dq^ to obtain the 
branching ratios, where the tb is the lifetime of the B-meson, 
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1.59 X 10"'' 
5.83 X 10"^ 



4.51 X 
4.48 X 
7.35 X 



10-^ 
10-^ 
10-9 



(16) 



In Table 3, we also present the branching ratios from the QCD sum rules [7], the perturbative 
QCD [8], the light-cone QCD sum rules [9], and the covariant light-front quark model [11], the 
values differ widely. The present predictions of the partial decay widths and the branching ratios 
can be confronted with the experimental data at the LHCb in the future. Furthermore, we expect 
to extract those form-factors from the semi-leptonic decays B — Slvi, Sll, and obtain severe 
constraints on the input parameter As of the i?- meson light-cone distribution amplitudes. 



4 Conclusion 

In this article, we take the scalar mesons i4'Q(1430) and ao(1450) as the conventional two-quark 
states, and calculate the B -J> i4r|j|;(1430) , ao(1450) form-factors Ai{q'^), Ao{q'^), T{q^) and Tr,{q^) 
with the i?-meson light-cone QCD sum rules, then take those form-factors as the basic input 
parameters to study the semi-leptonic decays B^ — >■ a||(1450)ZPi and B^ — > i4rg~(1430)/r, the 
predictions can be confronted with the experimental data at the LHCb in the future, which are 
worthy in identifying the nature of the scalar mesons. In calculations, we observe that the main 
uncertainty comes from the parameter wq (or As), which determines the line shapes of the two- 
particle and three-particle S-meson light-cone distribution amplitudes. We can extract those 
form-factors from the experimental data on the semi-leptonic decays B — )• Slvi, Sll, and obtain 
severe constraints on the input parameter As. 
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